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Abstract

Objectives The aim of this study was to evaluate the retention
forces (RFs) of zirconia double-crown systems, with primary
and secondary crowns made from zirconia in vitro.
Materials and methods Ten maxillary models with six abut-
ment teeth were prepared. Sixty inner crowns were fabricated
from pre-sintered zirconia with a taper of 0°. Ten 14-unit
telescopic prostheses (removable partial dentures, RDPs) were
fabricated, using the same computer-aided design/computer-
aided manufacturing system as that used for the inner crowns.
The removal test was performed in a standardized setup using
a universal testing device at a crosshead speed of 10 mm/min.
Ten separation cycles were carried out for each single primary
crown as well as for each 14-unit RDP in the presence of
artificial saliva. The results were imported into a statistic
program and analysed by a one-way ANOVA and post hoc
tests. The level of significance was set at 5 %.

Results The mean RFs of the single double-crown systems
were in the range of 0.611-2.895 N, whereas the RFs for the
whole RDP varied between 8.1 and 13.6 N. RF was dependent
on the abutment tooth (p <0.001) and on the model (p <0.001).
Conclusions The results of this study indicate that the
manufacturing of full-zirconia double-crown systems is pos-
sible as well as reproducible. The RFs are comparable to those
reported from casted and electroformed double-crown
systems.

Clinical relevance 1t has been shown that the RFs of the
presented telescopic system are comparable to existing
double-crown systems.
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Introduction

Removable partial dentures (RDPs) have been a reliable and
popular method for treating partially edentulous patients for
decades [1-3]. Despite the popularity of this method, Hummel
et al. reported that only one third of RDPs are considered
satisfactory [4]. This is of paramount importance, especially
because another study found that RDP quality influences
individuals’ oral health-related quality of life to a clinically
significant extent [5]. RDPs can be supported by various
retentive elements. However, clasps or double-crown systems
are the most popular elements and can be fabricated from
different materials [2, 6—8]. Although clasp-retained dentures
have been reported to have measurably lower failure rates, the
repair costs are more than twice as high as those for double-
crown systems [6]. Loss of cementation of the primary crowns
was the most frequently reported clinical failure [3, 6].
Concerning double-crown systems, many different designs
are used to cover different fields of application and to provide
the necessary retention forces (RFs). Conical systems are
based on the spring tension of the outer crown, due to the
geometry of the surfaces and an occlusal gap of 10-80 um
between the inner and the outer crown [9]. RFs can be adjust-
ed by varying the taper of the inner crown. In contrast,
cylindrical telescopic systems use a taper of 0°, and the RFs
are based on friction between the surfaces of the inner and
outer crowns. The effect of the parallel-sided crowns can be
compared to a piston/cylinder system, although the required
casting precision is not achievable through analogue dental
laboratory technology [9]. Weigl et al. reported a new tele-
scopic system, consisting of zirconia primary crowns and
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electroformed secondary crowns, that uses adhesion instead of
friction for the retention of the system [2, 7]. Although the
system showed favourable tribological properties and was
widely reproducible due to its automated electroforming pro-
cess [2, 7], it should be considered that many different mate-
rials (ceramic, electroplated gold, bonding and CrCoMb alloy
as the denture framework) are involved in this approach. This
might lead to an issue of biocompatibility. Recent develop-
ments in the field of computer-aided design (CAD)/computer-
aided manufacturing (CAM) have made it easier to process
different materials of high quality, in particular ceramics
[10—13]. The manufacturing of zirconia is becoming increas-
ingly popular due to its high biocompatible and aesthetic
potential as well as its high mechanical strength [11, 14-17].
It has a wide field of application and can be used for various
sizes of frameworks [18-22], implant abutments, monolithic
crowns [23], monolithic restorations [24] and primary crowns
[25]. However, to the authors’ best knowledge, no literature is
available on the use of all-zirconia double-crown systems
without any galvanic elements. Therefore, the aim of this
study was to manufacture an RDP with six zirconia primary
crowns and a 14-unit zirconia secondary framework in order
to determine the RFs of each single telescopic system as well
as the RFs of the whole secondary framework.

The working hypothesis is that the RFs achieved by the
present approach are in the same range as the RFs of standard
double-crown systems reported in the literature.

Materials and methods

Ten maxillary models, each with six prepared teeth (FDI 17,
15, 13, 23, 25 and 27), were fabricated from class IV resin-
reinforced (ISO type IV) die stone (Resin Rock, Whip Mix,
Dortmund, Germany) and trimmed to a height of 18 mm. Each
abutment tooth and each pontic were provided with two pins
(Jet Pin 2.0 mm, Jan Langner GmbH, Schwibisch-Gmiind,
Germany), and the base of the cast was poured from an ISO
type IV dental stone (Suppen-Sockler (G) Das Orginal,
Picodent, Wipperfiirth, Germany). The working models were
finished by separating all abutment teeth, and the dies were
trimmed to the preparation margins. All models were scanned
with a white-light projector scanner (S600, Zirkonzahn, Gais,
Italy). Sixty primary crowns were designed with special soft-
ware (CAD/CAM telescopic crowns, Zirkonzahn), using the
same parameters for each of the 10 models conceming the
thickness of the cement spacer, the start of the cement spacer,
the wall thickness and the height of the friction area. The details
are provided in Table 1. The computer numeric control (CNC)
data were sent to a 5+ 1 axes milling unit (M5, Zirkonzahn) and
milled from semi-sintered zirconia blanks (ICE Zirkon Trans-
lucent 95H18, Zirkonzahn). The sintering was performed in a
special furnace (600/V2, Zirkonzahn) at a temperature of
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Table 1 Height of the friction surface of each abutment tooth

Abutment Mesial Buccal Distal Palatinal
tooth (mm) (mm) (mm) (mm)

17 3 3 3 3

15 3 3 3 3

13 4 4 4 1.5

23 4 4 4 1.5

25 3 3 3 3

27 3 3 3 3

1,500 °C, using the standard sintering programme. All primary
crowns were returned to the corresponding model and adapted
according to the literature [12, 26]. In the case of incomplete
seating, colour (Bite-X Artikulationspaste, Asami Tanaka Den-
tal Enterprises Europe GmbH, Friedrichsdorf, Germany) was
applied to the abutment teeth, and the primary crowns were
placed cautiously. Red spots and traces on the inner surface of
the primary crowns were removed by using a red ring diamond
bur (#201 and #202, Zirkonzahn), until uniform contact be-
tween the inner crown and the abutment tooth was achieved. In
order to maintain the same path of insertion for all six primary
crowns of each model, each testing model was measured on a
model table. A transmission device was used for the
manufacturing of a milling base with resin dies (GC Pattern
resin LS, GC Corp., Tokyo, Japan). The primary crowns were
ground and polished by using two special bur kits for zirconia
(sets 4439 and 4589, Komet, GEBR BRASSELER GmbH &
Co KG, Lemgo, Germany) with a taper of 0°. The milling was
conducted with an electric, high-speed hand piece (W&H
Perfecta 900, W&H Dentalwerk Biirmoos GmbH, Biirmoos,
Austria) with water cooling, mounted in a surveyor (FI,
DeguDent, Hanau, Germany). Next, the primary crowns were
set back to the abutment teeth of each model and were tempo-
rarily fixed (Fit-checker, GC Corp.). The primary crowns were
coated with silicon adhesive, and each of the 10 models was
duplicated (Adisil blau 9:1, Siladent, Goslar, Germany). Ten
master casts were fabricated from pattern resin (GC Pattern
Resin LS, GC Corp) dies and class IV resin-reinforced (ISO
type IV) die stone (Resin Rock, Whip Mix), which fulfilled the
requirement for a rigid model with no mobility of the abutment
teeth. As the angle of 0° is prone to axis deviations, all primary
crowns were set back into the master casts, and each model was
placed on a model table in order to check the path of insertion.
If deviations were detected, the primary crowns were ground
and polished again (Set 4589, Komet). Furthermore, the tran-
sitions from the axial walls to the occlusal surfaces of all
primary crowns were rounded and polished (Set zirconia pol-
ishers disc ZZ461, Zirkonzahn) to avoid edges and sharp
corners. Finally, all primary crowns were polished with a
special zirconia polishing paste (Organical Zirkon-Polierpaste,
R+K CAD/CAM Technologie GmbH & Co KG, Berlin,
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Germany) to achieve the highest surface quality possible
(Fig. 1). Next, all primary crowns were placed back in each
master cast, and a thin layer of scan spray (Zirko Scanspray,
Zirkonzahn) was applied to the model as well as to the outer
surface of the primary crowns to reduce reflection. Each of the
10 models was scanned (S600, Zirkonzahn) using a multitooth
scan and completed with single scans of each abutment tooth,
in order to improve the data quality. The parameters used for
the design of the secondary crowns as well as the frameworks
are listed in Table 2. The 14-unit frameworks were designed in
full contour, shrank by 0.8 mm, maintaining a minimum wall
thickness of 0.5 mm, and were then transferred to the CAM
program. Each of the 10 frameworks was milled for about 6 h
(M5, Zirkonzahn) and then sintered to full density in a special
furnace (600/V2, Zirkonzahn) as described above. After the
sintering process, the sintering feet were removed, and the
primary crowns were provided with pattern resin pins for easier
handling during the adaptation process. First, each primary
crown was adapted to the corresponding secondary crown
using a special spray (Arti-Spray, Dr. Jean Bausch GmbH &
Co KG, Koln, Germany). Second, the primary crowns of each
model were set back into each master cast, and the whole
framework was adapted by making a permanent side compar-
ison and paying particular attention to the occlusal height. The
adaptation process was carried out with diamond stones (#311,
Zirkonzahn), diamond burs (#101 Flat End Taper, Zirkonzahn)
and predominantly by polishing sticks (FINOPOL DIA
Pinpolierer rough, middle and fine, FINO GmbH, Bad Bocklet,
Germany). Finally, the adjustment of the retention forces was
performed with special brushes (Polirapid Pinselbiirsten
Chungking black, Polirapid, Germany) and zirconia polishing
paste (Organical Zirkon-Polierpaste, R+K CAD/CAM
Technologie GmbH & Co KG) (Figs. 3, 4 and 5). The produc-
tion of the primary crowns as well as the construction and the
adjustment of the secondary frameworks were performed by
the same calibrated dental technician.

For the testing of the RFs, both the single crowns and the
whole framework of each model were measured separately.
Special screws were attached (GC Pattern resin LS, GC Corp.)
to the inner surface of the primary crowns (Fig. 2). The

Fig.1 Finished primary crowns with high-gloss surfaces on the master cast

Table 2 Milling parameters for the secondary construction

Crown foundation

Thickness, 0.01 mm
Start, 0.3 mm

End, 0 mm
Occlusal, 0.15 mm
Angled, 0.3 mm
Angle, 65°

Vertical, 0 mm
Elongation, 0.5 mm

Cement gap parameters

Margin parameters

Extra parameters occlusal/x/y Occlusal, 0.1 mm
X-direction, 0 mm

Y-direction, 0 mm

measurements of the RFs were carried out with a universal
testing machine (Zwick Type 1445, Zwick/Roell, Ulm, Ger-
many), using a 500-N load cell and a test speed of 10 mm/min.
The inner surface of each abutment tooth of each framework
was aligned parallel to the removal direction during the test-
ing. Therefore, the secondary framework was embedded in
light curing resin (Individo Lux bl.-opak OK 2402, VOCO,
Cuxhaven, Germany) and then mounted on the especially
designed model table shown in Fig. 3. This model table was
equipped with a ball bearing system and a locking mechanism
in the foot. When the inner surface of the secondary crown
was axially aligned to the pulling direction, the locking

Fig.2 Prepared double-crown system with special screws for the remov-
al test of the single crowns
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Fig. 3 The experimental setup for the removal test of the whole
framework

mechanism in the foot was closed in order to fix this position
during the testing procedure. Furthermore, a wire of 1 m was
utilized to prevent horizontal tension on the primary crown
and additionally to take advantage of self-alignment along the
long axis. Ten separation cycles of each abutment tooth were
performed in the presence of artificial saliva (Glandosane, cell
pharm GmbH, Bad Vilbel, Germany). After the testing of the
single crowns, all inner crowns were bonded (Panavia F 2.0,
Kuraray Europe GmbH, Hattersheim am Main, Germany) to
the abutment teeth of the corresponding testing models. The
testing of the RFs of the whole frameworks was performed at
least 24 h after bonding, as mentioned above. Therefore, each
model was mounted on a special model table, in the centre of
the machine that was especially constructed for the testing
device (Zwick type 1445, Zwick/Roell) in order to align all the
primary crowns of each model in the pulling direction and to
avoid axis deviations. Three wires of about 1 m fixed the
frameworks between 15 and 16, 11 and 21 as well as 25 and
26 and were united at the attachment of the load cell (Fig. 3).
Ten separation cycles of each framework were carried out at a
test speed of 10 mm/min in the presence of artificial saliva
(Glandosane, cell pharm GmbH). The collected results were
imported into a statistical program (SPSS 20.0, SPSS Inc.,
Munich, Germany) and analysed. Descriptive analysis was
carried out to evaluate the RF of each abutment tooth,
depending on the model as well as the range of RFs of each
abutment tooth and of each model. Furthermore, statistical
analysis, with a significance level of 5 %, was performed by a
one-way ANOVA and a post hoc test (Student—-Newman—
Keuls, SNK), comparing the different abutment teeth.

Results

The mean RFs for the single telescopic systems were in the
range of 0.611-2.895 N (Fig. 4). The values of the mean RFs
for the whole secondary construction varied between 8.1 and
13.6 N. Comparing the abutment teeth separately, the model
(» <0.001) had a significant influence on the RFs according to
the analysis of variance. The abutment teeth (» <0.001) had a
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significant influence on the RFs. The cuspid showed signifi-
cantly lower RF compared to the premolar (SNK, p=0.213)
and molar abutments. However, no differences between the
premolar and molar abutments were detected (SNK, p =0.213).

Discussion

The RFs of double-crown systems depend on several different
factors and therefore range within a wide distribution of
values. Considering the parameters affecting the RFs of
double-crown systems, the material, the abutment height, the
taper [25] as well as the saliva [27] have been reported to have
influence. Bayer et al. reported median RFs of 1.93 N for
double crowns with a taper of 1-2° from high-gold alloy [27],
3 N for 0° gold primary crowns and cast female parts and
6.54 N for 2° gold primary crowns and electroplated female
parts [28]. Other studies that examined the mean RFs of
zirconia primary crowns with electroformed secondary
crowns reached RFs of 3.32 N [29] and 0.37-2.65 N [25].
The RFs in the present approach were in the range of 0.611—
2.895 N, so the working hypothesis can be accepted, despite
some restrictions. Most of the studies examined the RFs of
single double crowns; however, this does not correspond to
clinical reality, because an RDP normally consists of at least
two double-crown systems. In the presented study, each dou-
ble crown was first adapted individually, whereupon the
whole framework consisting of six double crowns was adjust-
ed as a unit. Although the individual fitting and the RF of each
double crown seemed to be good, the fitting and RF of the
whole framework was different and had to be further adapted.
As the RF for the whole framework was usually too high,
further adaptation induced lower RFs of each single double
crown. Considering this effect, it can be assumed that the
measured RFs of single double crowns in previous studies
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are higher than they are in reality, because they were not
adapted within a compound structure of several double
crowns.

The primary crowns fabricated for measurement in this
study should ideally have had a taper of 0° to imitate the
piston/cylinder effect (Fig. 5). The taper of 0° is of particular
importance for ceramics, because a cone angle of the primary
crowns would lead to tensions within the walls of the second-
ary crowns. As ceramics, in contrast to gold alloys, are sus-
ceptible to tensile stress, this would certainly induce crack
formation within the secondary crowns and lead to the de-
struction of the secondary framework. However, the taper of
0° has often been associated with some fabrication difficulties
[25, 27]. Therefore, a precise hand piece (W&H Perfecta 900,
W&H Dentalwerk Biirmoos GmbH) with a concentricity of
less than 20 um was chosen. Particular attention was paid to
the degree of wear of the diamond bur as well as low pressure
during the milling process to avoid axis deviations of the bur.

During the fabrication of the secondary framework, two
potential sources of errors can lead to problems concerning the
fitting of the telescopic system. First, the scanning of the
primary crowns is prone to errors because the reflections of
the polished zirconia surfaces lead to scanning bugs, even
though a thin layer of scan spray is applied. This causes
partially rough areas in the inner surface of the secondary
crown, which further complicates the adaptation process of
the telescopic system. Second, pre-study trials detected the
sintering shrinkage to be problematic. Therefore, one second-
ary framework was milled three times from the same CNC
data and sintered to full density one after the other, using the
same furnace and the same programme. Although the condi-
tions for all frameworks were identical, the outcomes always
slightly differed concerning the fitting and expanse of the
telescopic crowns. This indicates that the sintering shrinkage
is calculable to a certain extent, but not totally reproducible.

Full zirconia as well as electroformed double-crown sys-
tems [2, 7, 25, 29] and based on adhesion instead of friction
and therefore need an aqueous medium, such as saliva, be-
tween the primary and the secondary crown. The viscosity as
well as a homogenous wetting of the surfaces can influence

Fig. 5 Master cast with six primary crowns and the corresponding 14-
unit framework

the RFs of the adhesive system. For the measurement of the
RFs, only one artificial saliva product was used; however, it
can be assumed that an increase in the viscosity of the saliva
would lead to higher RFs. This component should be taken
into consideration by adapting the RFs of RDPs in clinical
practice.

In this study, the RFs of all telescopic crowns and frame-
works were adapted by one calibrated dental technician, be-
cause each of'the 60 telescopic systems had to be adapted after
the sintering of the secondary framework. Although the used
CAD/CAM system worked reliably and precisely, each tele-
scopic system required adaptation. However, this corresponds
to clinical reality, in which the dental technician checks and
determines the fitting of the RFs [27]. Comparing the different
abutment teeth, the canines showed the lowest RFs. This
effect can be explained by the complex geometry of the
canines, which were difficult to adapt due to short palatal
and large opposing friction surfaces. The geometry of the
premolars and molars was very homogenous and therefore
easier to adapt. The molars showed the highest SD due to the
biggest surface of the primary crowns. Therefore, the molars
needed more manual adaptation and exhibited a bigger range
of retention forces due to the manual influence. Concerning
the methodology of the measurement setup and the measure-
ment itself, particular attention was paid to avoid any tilting of
the single crowns as well as the frameworks during removal,
because this would produce excessive RFs. Therefore, a wire
of 1 m was utilized to prevent horizontal tensions and take
advantage of self-alignment along the long axis. Furthermore,
the insertion direction of the single crowns and the frame-
works was aligned parallel to the removal direction, and the
measurement of each specimen was performed 10 times. In
case of any tipping of the telescopic crowns during the testing
procedure, the removal test was repeated. As the sum of the
mean RFs of the single abutments of each framework was
close or identical to that of the RFs of the whole framework, it
can be supposed that no tilting occurred during the removal
process. The RFs of the presented concept are comparable to
those of electroformed telescopic systems [25] and are repro-
ducible within a small range. However, based on this study, no
general statements of the long-term RF can be made. There-
fore, the results would justify a clinical trial evaluating the
presented concept in clinical practice and evaluate the long-
term performance. However, it has to be taken into account
that only frameworks were tested in this study. There are
different options to veneer those frameworks. If a ceramic
veneer is used, possible effects on the accuracy caused by
the veneering process were discussed when the layering tech-
nique was used. Overpressing techniques for zirconia frame-
works were introduced as a clinical alternative leading to
higher mechanical stability of the whole restoration [17, 30].
Digital veneering with lithium disilicate represents a third
option for ceramic veneering. However, the influence on the
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accuracy of the zirconia frameworks was not reported [31]. If
resin-based materials were used for veneering zirconia frame-
works, the influence on the accuracy might be of minor
importance [32, 33]. Furthermore, most resin-based veneering
materials were used for RDPs [34].

The following limitations apply to this study:

1. Only one artificial saliva product was tested.

2. The impact of wear on the RFs was not measured. How-
ever, because the presented telescopic system is based on
adhesion instead of friction, it can be supposed that less
wear occurs compared to conventional double-crown
systems.

3. Only one CAD/CAM system and one zirconia material
were tested.

4. The primary crowns were directly fabricated on a model
without making impressions. Therefore, the presented
protocol showed a difference to the clinical workflow.

5. The removal tests were performed on the master model.

Conclusion

Considering the limitations of the study, the following con-
clusions can be drawn for RDPs fabricated in the described
manner:

1. The RFs of the presented approach are comparable to
those of electroformed double-crown systems reported
in the literature.

2. The RFs of all-zirconia double-crown systems are
reproducible.
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